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INSPECTING OPTICAL MASKS WTIH 
ELECTRON BEAM MICROSCOPY 

CROSS REFERENCE 

Thi5 application is a contiauatioD application of an appii- 
catioo that is assigned to the same assignee that is entitled 
INSPECTING OPTICAL MASKS WITH ELECTRON 
BEAM MICROSCOPTT having Sex. No, 08/252,763 filed 
00 JuiL Z, 1994, now abandoned, which is a continuation- 
in-pazt api^catioa of an ai^lication entkkd "n^CIRON 
BEAM INSPECnON SYSTEM AND MCTHOD" having 
Set No. 07/889,460 filed May 27, 1992, now abandoned. 

This application is fisther related to another ^>pi>cation 
dut is assigned to the same assignee entitled ^^LECTRON 
BEAM INSPECTION SYSTEM AND MEmOD" having 
Scr. No. 08/214 J77 filed on Mar. 17, 1994. U.S. PaL No. 
2,502306, which is continuation of a now abandoned appli- 
cation having Ser. No. 07/710351 filed on May 30. 1991. 



This invention relates to the automatic inspection of 
substrates of various desoiptions used in the maJang of 
micro-circuits and particularly the inspection with an elec- 
tron beam of phase shift masks. 

B ACKGROXWD OF THE INVENHON 

A prereqaisite of micro-circuit production with a reason- 
able yield is defect free masks and wafers to be used in the 
production process. Over the past 12 years a numbex of 
optical systems have been developed, and patented for the 
automatic inspection of optical masks and wafers. (See U.S. 
Pat Nos. 4047^03* 4.805,123, 4,618.938 and 4.845J58). 
These systODs optically pcrfocm a companson between two 
adjacent dice on a photomask, reticle or wafer. Similady, 
tedmoiogy has evolved to inspect a die against a CAD 
database (See U.S. Pat No. 4,926,487). These optical sys- 
tems are, however, limited to optical masks because <icfr<ts 
on X'Ray naasks may not be apparent in the visible or 
ultraviolet spectrum. Puitiiermare^ optical inspection is lim- 
ited in its resolution capability by the fondamcnt&l di&ac- 
tion limit that of course also limits optical lithography. Even 
with phase shift nusk techniques it is expected that line 
widths below 035 microns caimot be achieved with optical 
Uthograpfay techniques and that X-Ray lithography will 
dominate for line widths smaller than that 

Advances in optical lithogn^y for the manufacturer of 
miaodicuits have permitted increasingly smalla and 
smalla line widths. As an rxample, for a 256 megabyte 
DRAM, the line widti^ on the wafer, is between 0.25 and 
035 midometers. For line widths of this size, phase shift 
masks are used in the manufadtore of the semicoDdnctor 
device. These masks typically have a quartz base, a pat- 
tamed chrotmnm layer on the surface thereof, aiKi phase 
shift wells selectively etched into the substrate. A phase shift 
may also be produced by pattcmed, optically tran^went, 
matnia] placed on the quartz substrate or the cbronunm 
layer of the phase shift mask. 

Theinqiectiooof masks that are used to produce very fine 
line widths on the semiconductor to be jrodDoed, such as the 
type of masks referred to above, requires the detection of 
defects in the patterned cfarocmnm laycz, as well as the 
measurement of the depth of trenches or wells, both wanted 
and tutwaated, in the qoartL. Additio&a&y, it is necessary to 
be able to detect the presence or absence cf defects in the 
quartz which is also refezrod to in the vt as the phase shift 
materiaL 
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TVpicaUy. ptuse shift nuuks, becnue they mc opticilly 
trusminive aod drjrignfxl for use optically, trt izupected 
using optiol t&chniques. Those optical inspection tech- 
niques have proven to be freqaently for the 
muks that can protbice newer fine-line patterns because of 

the liinies£k>n5 in molutioo cf the poor tit optical inspectioQ 
methods. 

The co-pending appUcstion from which this ^if^cationis 
a continoation-in-pait applicalioo. as identified above, 
descdbes an electroo microsoope inspectioo system and the 
use of that system to inspect primatily x-ray masks and 
wafers. One shortcoming of electroa in those 

systems in the past is that they did not measure the cpdcal 

phase shift related to the dq}th of a well or treoch in a known 
matciial d tbc mask or wafcL 

SUMMARY OF THE INVENTION 

In accordance with the prefened embodiments the 
present invention^ there is disdosed s method and apparatus 
for a charged particle scanning system and an antCHnatic 
inspection system to inspect optical phase shift nusks using 
an electron beam delivered in a charged beam column. In 
one embodiment there is an automatic system and method 
for the antomatic inspection of an optical phase shift mask 
by delivcdng and scanning a charged particle beam on the 
surface <tf the mask, detecting backscattered and secondary 
electrons emanating firom the top surfaces of the mask, and 
processing those wavefoans to determine the features of the 
mask and to make a decenmnation as to the presence or 
absence of defects by oon^orison to an other similar pattern 
on a mask or a data base for production of the mask undo* 
insptCdotL 

In the present invention, a method and apparams is 
disclosed to measure the depth of wells in phase shift masks 
used to produce the desired phase shift and thereby detect 
any error in phase shift that would be produced if that mask 
were used. 

The present invention also allows for the detection of 
either the presence or the absence of the phase shift m»twi>j 
and can determine the thickness of that mjitwiai ixi a phase 
shift mask. 

BRIEF raSCRIPnON OF THE DRAWINGS 

FIO. 1 is an over-all block dia^am of the system of the 
present Invention. 

FIG. 2 is a gr^^cal representation of the scan pattern 
used by the present invention for die-to-database inspection. 

FIG. 3a is a graphical repceseniation of the scan pattern 
used by the present invention for die-to-die in^)ectk>n. 

FIO. 36 is a grq>hical representation d the multiple frame 
scan integration technique of the present invention used to 
acquire images that are averaged ova several scan fields. 

FIG. 3c is a ffmptdcal representation of the nominal 
X'-dcflection value for the beam as a function of time <1wing 
the 9cm depicted in FIG. 36. 

PKL 3c/ is a g raph iral repcesentatioo of the X-coordinate 
of the baam on tt^ substrate as a function of time during the 
scan depicted in FIG. 36. 

FIG. 4 is a schematic rqiresentatioo that shows the 
ftmctksttl fifmrfts of the electroo optical column and 
coBcction system. 

FX2. 5 is a simplififtd schematic rqxesentation of the 
paths of the pdmary, secondary, back-scatter andtransmittBd 
cl cctPO fl s through the electron optical cohmm and coUectioQ 
tyttm shown in FIG. 4 
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FIG. 6 is a simpiified schematic representation of « 
XDDlti-hcad eiectroo gan and vacaum ooc^guratioa. 

FIG. 7 is a block diagram of the positioning contiol 
subsystem of tbe present inventiofl. 

FIG. 8 is a schematic representation of the vaaram system 
of the present inveatioiL 

FIG. 9 is a Mock diagram of the analog deflection system 
of the present invention. 

FIG. 10 is a block diagram of the memory of the present 
invention as shown in FKj. 1. 

FIG. 11 is a block diagram of the acquisition pre- 
processor of the present invention. 

FIG. 12 is a modified schematic representation of the 
optical column <^ FIG. 4 to illustrate the electrical compo- 
nents of the plasma oxidizer sobsystem of the present 
invention. 

FIG. 13 is a cross-section view of a phase shift mask 
having a patterned diromium layer on a qoaitz substrate 
with phase shift producing well etched into the quartz 
substrate. 

FIG. 14 is a aoss-section view of a phase shift mask 
having a patterned chromium layer on a qoanz substrate 
being bombarded at two locations by an electron beam with 
tear drop patterns supcdmposed thereon to illustrate the 
extent of penetration of the electron beam into quartz and 
chromium. 

FIG. 15 is a oo^^>osite drawing of tbe cross-sectioned 
mask oi FIG. 13 together with the secondary and backscattcr 
electron waveforms aligned with the physical structure of 
the mask to illustrate which portions of each wavef<nn 
results from the owresponding physical feature of the mask. 

FIG. 16 is a simplified objective lens portion of the 
electron beam colunm of FIG. 4 to illustrate one placement 
of an annular backscatter detector within the column to 
capture the backscatter electrons of interest from a pfaasc 
shift nusk. 

FIG. 17 is a conqxwitc drawing of a cross-sectioned mask 
having a patterned chromiimi layer that partially ovohangs 
a well in the substrate togeths with the secondary and 
backscatter electron waveforms aligned with the physical 
structure of the mask to illustrate which portions of each 
waveform results from the corresponding physical feature of 
the mask. 

FIG. 18 is a composite drawing cf a cross-sectioned mask 
having a patterned quartz layer on a quartz substrate togetha 
with the secondary and backscatter electron waveforms 
aligned with the physical structure of the mask to illustrate 
which portions of each waveform results from the cone- 
ending physical feadire of the mask. 

DESCRIPTION OF THE PRH^BRRED 
EMBODIMENT 

SYSTEM OVERVIEW 

The present invention provides an economicaOy viable, 
automatic charged particle beam inspection system and 
method for the inspection of wafers. X-ray masks and 
similar sobctrates in a production eovironmenL While it is 
expected that tbe predominant use of the present invention 
will be for the in^>ection of wafers* optical masks, X-ray 
masks, electron-bcam-proximity masks and stencil 
the techniques disclosed here are applicable to the high 
speed electron beam irrMging of any n^tpri*) and further- 
more are useful for electron beam wrxttng to expose ptioto- 
resist material in the manufacture of masks or wafers. 
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There mt two basic modes of opcradooL depending upon 
whether the gaban*f is "g or coadooing. A *^sigh 
voluge mode* ii pdmtiity inteoded for the iAspectioQ 6[ 
ooodncdng or oooduccivety coated X*ray muks, B^^ie&n 
prauznity steacfl niAiks or waf a prints. Id this mode, t high 
voltage scanning beam can be used because the sozfaoe 
cannoc charge. A *low voltage mode** is phmarily intended 
for the inspectiCQ of in-process wafers that indode layers d 
non-coodocting m^t^i^i* and of optical masks. In this 
mode, the use of a lower voltage scaniring beam minfmiTrs 
both charging and damage effects. Except for these 
differences, nkodes use similar high speed strategies for 
fljKUng and classifying de f ects. 

The requirement <^ ecooomic viability cxrhidfa present 
scanning dectron microscopes because these devices have 
*/^nnffig speeds that are too slow and also require opentcr 
skills that exceed the skills of much of the available work 
force. 

A Dovd feature of the present invention is its ability to not 
only detect various types of defects but to differentiate 
between them. By virtue of the present invention being aUe 
to simultaneously detect and differcotiate between 
backscattered, transmitted and secondary electrons in *liigh 
voltage mode", defects can be classified readily. As an 
cxni^e, a defect detected by only dtie transmission detector 
on an X-ray ooask is probably a void in the absorpdve 
matcriaL A defea detected by the secondary dectroa detec- 
tor but not by the back-scattered dectroo detector is most 
likety an organic particle, and a defect detected by the 
back-scatter dectron detector is very likely a coQiannnant of 
a high arcmic weight Because some types of defects, such 
as organic contaminants on X-ray masks* do not print on the 
wafer, the ability to differentiate between various types of 
defects is a significant advantage a[ the present inveaHoa 
The present invention therefore permits not only the detec- 
tion of defects but the ability to classify thenL 

The system also co^loys a number of tedmiques to make 
it suitd>le for semiconductOT manufactoring operations. To 
avoid contaminants being stirred op, the pump down and 
rcpressorizatioD speeds are Kmit^ and the gas flow is kept 
laminar. In order to save time, these operations are done 
concorre&dy with the scaxming of another sample. To further 
reduce unprodnctive time, six fidd emission sources are 
mounted on a toirel. Finally, all the major adjustments of the 
eiectroo beam, usually handled by an operator, are done by 
a computer, thereby permitting the use of the system by 
scmieone of relatively low skill level 

In FK3. 1 there is an overall block diagram d an in^>ec- 
tk>n system 1# of the present invention. In system 1% an 
automatic inspection i^jparatus of X-ray masks, wafers, and 
other snbstraces, is shown whidi uses a sranning dectron 
mkrosoope as its sensoc 

The inspection system has two modes of operation: die- 
UMiic and die-to-database. In both modes, defects are 
detected by con^nring an electron beam image derived from 
•caoabg the substrate against a standard. In die-to-dle 
ii^ieollon, signals from two dice of the same sUbsiiate are 
oMu p td with each other, while in die-to-database inspec- 
tion signal from one die derived from the dectroo 
mkroaoope is compared with a signal that is derived from 
ttiedasahase which typically is the one that was t»ed to inake 

lbe«& 

Sitetraie 57 to be inspected is hdd in a bolder whkfa is 
autamatkaQy placed beneath dectron beam column 2t on 
x-y stage 24 by substrate handler 34. This is ac c o nyti s h ed 
by commanding substrate handla 34 by system cooqnter 36 
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to remove tbe substnte 57 of interest from a cassette with 
the flat 59 or ootch (see FKjS. 2 and 3a) on substrate 57 
beiag detected anronatinfty to properly odent tbe subctrate 
57 in hiDdkr 34. The satetnte is then loaded onder column 
2t. Next, the operator visoally observes the mask tfarou^ 
optical alignment system 22 to locate the AKgniw^iT points 
CO the substrate (these may be any operator selected features 
00 the substrate) to ensure that tbe x-dlrectk>oal motion of 
the stage is sub&tantiaUy parallel to the x-axis of the care 
area of the substrate pattenis, Lc. the area of interest for the 
inspection. That coin;>Letcs the coarse alignment 

Fine alignment is subseqoendy achieved by the operator 
mnwnn^ tbe substrate with tbe electron beam aiKi observing 
the image on image display 46. All alignment data is then 
stored in alignment mmpnrrr 21 which works in coopaation 
with system computer 34 for calcnlatioQ of the acmal 
combined x and y motions necessary to scan the die along 
its X and y axes so that no ftzrther operator alignment action 
is required for iikspectio&s of the same type of substrates. 
Once the si^straie is property aligned, the inspection pro- 
cess is infriatfA 

Colunm 20 and its optical alignment system 22, analog 
deflection circuit 3t and detectors 32 (as described more 
ootopleteiy bdow) then direct an electron beam at substrate 
SBzface 57 and detect the secondary electrons, the back- 
scattered electrons and those which pass through substrate 
57. That operation and the dau coUectioo from that exposure 
is performed by colimm control con^Miter 42, video frame 
buffer 44, acquisition pre-processor 48, deflection controUcr 
59, memory block 52. VME bus, VMEl, 29, serves as the 
communication link between the subsystems. 

The position and movement of stage 24 during the inspeo- 
tion of substrate 57 is contrc^ed by stage servo 26 and 
interferometers 28 under the cootrol of deflectiott coi^Uer 
58 and aligimieot coaqxiter 2L 

When the comparison mode is die-to^database, database 
adaptor 54 in communication widi memory block 52 is used 
as a source of the signal that is equivalent to the expected die 
format 

The actual defect processing is pcrfonned on the data in 
memory block 52 by defect processor 56 in conjunction with 
post processor 58, with the comnuuication between these 
Mocks being via bus VME2, 31. 

The overall operatioo of the system is performed by 
system computer 36, user keyboard 40 and computer disf^y 
30 in coomumication with the other blocks via a data bos ^ 
which may be similar to an Ethernet bus. (Ethernet is a 
trademark Xerox Corp.) 

Next FIG. 2 iUustntes the scan pattern ci the present 
inveatiott for tbe inspection in the die-to-4atabase mode. 
Here a single die 64 is shown on substrate 57. Within die 64 
there is a care area 65, or area of significance, that is to be 
inffp^^ This area is the area where the oitical information 
is recorded on substrate 57. Dming the inspection of die 64 
tbe effective scatming motioa in the x-direction is provided 
by moving stage 24 and the effective motion in the 
y-<lirection is provided by deflection of the electron beam 
within each swath which ii as wide as the illustrative swath 
68. When the inspectkn swath reaches the rigiht side of die 
64, stage 24 is moved in ttte y directlOQ less than a fan swath 
width. Since the x-y mnrfttnatf. system of substrate 57 may 
not be aligned exactly with the x-y coordinates of stage 24 
and ccrfnmn 20, the actual movement cf stage 24 and 
defleotioo of the beam of oohmu 28 win each have an x and 
y ootiqwnent daring tbe scanning of a die 64. 

lb fully in^>ect the care area 65, the inspection is ps- 
formed in a back aixl forth pattern 62 wi& each of tbe pttses 



6 

ilhistrated by pattan 42 being a swath that siightty ovedMps 
tbe adjaocflt twilh with the swath having a width of that of 
illustrative swath 6i. 

Id the die-to-^Jtabase otode tbe signal cooe^nding to 
cMh swath is compa red with tbe gmniaiM signal dexived 
from database adapter 54 for a OQKreqx)oding swath of a 

pexfect die. This procedure is repeated for each ctf the swaths 
in care area 65 being ixispected before (he next die is 
inspected. 

FIG. 3a illostratcs the scan pattern for die-to-die 
in^)cction, and for purpoftcs of illiutntioa. substrate 57 is 
shown with dies 6S, 70 and 66. in that order &oxn left to 
right In this inspection n>ode, similar to that shown in PKj. 
2, a back aiKi fcxth scan pattern 63 is used. However g prr 
the i nspection noode here is die-to-die, stage 24 is not 
advanced in the y direction until all three of the dice (as per 
this illiistration) are traversed in tbe x diieaioo along eac^ 
of the swaths. 

In this Hkode of comparison, the data of tbe first pass of die 
6S is stored in memccy block 52 for oon9)«rison with the 
data firam the first pass of die 70 as it is made. At the saine 
tizxke that the ccmpanson between dice 68 and 70 is being 
made, the dau from die 70 is stored in memory block 52 fcfs 
cou yai isoo with the data fixxn tbe first pass o£ die 66. Then 
on the second, or return, pass the order is reversed with the 
data from the second pass of die 66 being stored for 
comparisoD with the data from die 70, which is then stored 
for comparison with tbe second pass of die 68. This pattern 
of inspection and ocxupatison is then repeated as many times 
as necessary toinspea all of the care areas d substrate 57. 

Sometimes it is necessary to obtain images using a 
multq)le scan integration technique, where each pixel is 
exposed for a kwger tinoe intervaL Conventioaal scanning 
microscopes usually use slow scan techniques that extend 
the dwell time before the beam moves to an adjacent pixel 
In this system, substrate beating and charging considerations 
make it undesirable to reduce the rate at which pixels are 
recorded. 

Sometimes it is necessary to integrate multiple scans to 
obtain images with sufficient contrast or to improve the 
image signal-tDHKHse ratia The signal-to-noise ratio is 
improved by avenging, for each pixel, the signal values 
finnn a tmrnber of scans of the same position on the sut>sirate. 
The image contrast in *low voltage oxxle," which will be 
described in detail in the ELECTRON OPTICS section of 
this system overview, can also be improved by *^Tining the 
substrate nearby between the times that the electron beam 
revisits the site d a particular pixel on tbe substrate. The 
contrast improvement in low voltage inspection of noncoo- 
doctive substr^es, as shall be explained in tbe ELECTRON 
OPTICS section, is accoo^ilished by permitting seooodary 
electrons, generated ^en oeaiby regions are to 
replace electnMU at the particular pixel site between times 
tbe beam revisits. In addition, for some ten^pcianire- 
seasitzve substrate materials, it is desirable to have a time 
iatcrval between beam scans of a pixel site in orderio permit 
the heat deposited by the beam to 4if<ytt^ 

FIG. 3fr is a graphical represcatatioo <tf an cstan^tle of the 
•ranting method employed by the present invention. The 
fifore shows how a region is *^nnf^ four times for signal 
averaging by deflection of the beam to cover a scries d 
512-by-m pixel rectangles. The center of each successive 
rectangle is shifted by m/2 pixels along the directioB of stage 
motion. 

FX}. 36 shows an example of the overlapping frame scan 
tffhwquc employed in the present invention for signal 
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gvngiag, contFut impcoveznent, and beat disaipatioo. In 
tbe eximpie stMWiL eacb pixel is scanned four times. Eadi 
scu line is 512 pixels long in the Y*directioQ. For overlap- 
ping frame scans, a sedes of m side-by-side lines, nombered 
I to m is scanned on the sobstrite. The X-direction spacing 
between lines is set cqoMi to the pixel size and the lines have 
saocessiveiy larger X coordinates. 

FIG. Sc is a graphical rqfHcsentatioi) of the ncHninal 
X-deflection value for the beam as a fonction of time dtmng 
the scan depicted in FIG. 3^. Tbe honzontal direction is the 
time axis, the vertical direction is tbe X position. 

FIG. 3c shows the staircase-like output of the X deflection 
system used to deflect the beam. Afia m lines have been 
scanned, tbe scan is retraced in tbe X direction, as shown in 
FIG. 3c. The X velocity of the stage catxying the substrate 
under the deflection system is adjusted so that when the 
beam retraces in tbe X direction, die position of next scan 
line coincides with tine number (m/4+1) of tbe first m lines. 
In the example of four rescans for this descriptioiu the stage 
moves the substrate in the X-diiection a distance of m pixel 
widths in the same time that the beam scans four successive 
512-by*m rectangles. 

FIG. 3d is A graphical representation of the X-co(Kdinate 
of tbe beam on the substrate as a functioa of droe during the 
scan depicted in FIG. 3&. The horizontal direction is tbe time 
axis, the vertical direction is tbe X position of tbe beam. 

FIG. 3d shows the X-coordinate oi each successive scan 
line on the substrate as a function of time. What is shown is 
that tbe combination of tbe stage moving the substrate under 
the deflection system and tbe deflection system moving the 
scan lines in back: and forth in the X direction in the 
defiecdoQ field results in the beam scanning the position oi 
each line on the substrate four times. By recording image 
data in memoty Uodc 52 and averaging from appropriate 
memory addresses, average data can be present^ to the 
defect processor 56 and to aligimkent computer 21. Although 
we have used four as an example of the number of averages 
in this description, the number of scans combined in practice 
and the number of lines-per-frame m are chosen to produce 
the best combination of noise reduction, contrast 
enhancement, and inspection throughput 

The y direction scan (pcrpendiciilar to stage motion) is the 
same as that used for single pass imagittg. Here the scan 
advances otac pixel D per exposure interval t For single pass 
imaging, using a 512 pixel wide swath, the suge velocity 
0/5121 is chosen so that the stage also advances one pixel 
during each scan. Daring multipass imaging, the scanning 
beam as seen from the substrate must also advance at this 
rate d D/512t miooos/sec in order to record square pixels. 
To record images with n pixel exposures per pass, the stage 
advances oMre skfwty at a rate of less than D/512nt, and a 
stepwise scan in the direction of stage nootion is i^lied, so 
as to advance the beam an additional (1-1/n) P microns 
during scan time 512t After a variable number m steps^ tbe 
X scan is retraced. Thus the scan trajectory is a 5 12K(l-iyn)m 
rectangular frame. When viewed from the substrate surface, 
one sees the ovolapptng frame pattern shown in FIG. 36. 
The time interval between multiple e:qx>sures of each image 
pixel is 512mt So loug as m is chosen greater than n, one 
can independentty vary both the number and repetition rate 
d pixel rescans. By recording image data in memory Uock 
52, and averaging data from appropriate addresses, the 
averaged data can be presented to tit defect processor 56 as 
though it had been recorded in a single, slower pass. The 
advantage of this technique is tbe parameters can be adjusted 
so that the substrate has an optimum tixz>e to reach eqmlib- 
lium between pixel exposures. 
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la mat detail thou rcfecdBg agnn to FIG. 3a, osiiig the 
die-to-die mode for iHaftndoiu as the dcctroa beam acuu 
a swath of dicsc 68 and 70. signals 33 fincHn the three types 
at detectors are tnosnutted to aoquiatioQ pro-processor 48 
where they are converted to dig^ signab for stoiage ia 
memory htock 52. Data from dice i8 and 70 are simuUa- 
necualy transmitted to defect processor 56 where any tig- 
nificant discrepancy between ttK two data streams is then 
dftitfgnstprt as a &dcCL The aocumolatioD cf the defect data 
from the defect processor 56 is then (ransfen^ and coo- 
sohdated in post-processor 58. It is the post-processor that 
dftrmiinrs the size and various cbaractenstics of the defects 
and makes that iafoniuttioa available to system computer 36 
via bui 23. 

In the die-to-database inspection mode, system 10 oper- 
ates similarty except that memory block 52 receives data 
from only one die and the reference data for ooaqMoiJoo in 
defect processor 56 is provided by database adaptor 54. 

After the entire substrate has been inspected, a list (rf 
defects, together with daeir locations, is displayed on ootch 
puter display 38, and the operator can then mitijitgj t defect 
review via keyboard 40. In response to this command, 
system 10 locates and scans the neigfabochood of each dtf ect 
and displays the image to the operator on image di^lay 46. 
SCANNING OPTICS 

The much greater, by a factor of almost 100 higher, 
imaging speed is achieved through the combination of some 
key elements and the special design of column 20. The first 
and foremost prerequisite in achieving a higher inoaging 
speed is a mocfa higher beam current since signal to ooiBe 
consideradooa are oac of the fundamental limitations in tlK 
speed of «^«'"'ig In the present invention, a high bright- 
ness thermal field emission source is used to produce a very 
high angular beam intensity and a very high resuitans beam 
cmrcat. However, a high electron density results in mumal 
coul<«nb rqxilsion. To combat this, a high electric field is 
introduced in the vicinity of the cathode, and the beam 
diameter is also qoiddy enlarged. In the column there are 
also no dectron aoss-ovcrs which would increase the 
charge density in that area and a large numerical apextare is 
employed, to again minimize coulomb repulsion problems^ 

A requiremeat for scanning the mask at a high rate such 
as ICQ Megapixels per second, is fcr the detector to be able 
to temporally separate the secondary (return) electrons origi- 
nating from two uooessively scanned pixels. This impties 
the need for a very short spread in arrival time in comparison 
with the dwell time on each pixel To minimize the time of 
arrival spread from each pixel, the electrons are accelerated 
soon after leaving the target The resultant arrival time 
spcead at the detector is consequently held to abooi 1 
nanosecond. To farther minimize the arrival time ^xead, 
reverse biased high frequency Sboctky barrier detectors, one 
for each type of electron to be detected, are employed 
(Shottky detectors are included here for illustrative 
purposes, howeva, there are other types of senucoodoctor 
detectors that ooold also be used). 
ELECTRON OPTICS 

The electron optical stsbsystem is functionally similar to 
a scanning electron microscope. It provides the scanned 
electroQ beam probe and secondary, transmission axkd back- 
sooered electroo detection elements necessary to form 
imAges of the substrue siffface. During inspecrioQ, the 
electroo beam is scanned in one direction while the stage is 
moved in the peipendiGulBT directioQ. Either low vothage 
secondary ekc^ns, or high eiMigy transmitted electrons or 
back-scsctcred electrons are used to form a video signal that 
is dig\t\7M and stored in the form of long, narrow swath 
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inuLges. As weU as being onique in its apptkukn for 
utoottted defect detectioo at high resolutioa, tbe novdty cf 
this optics system Ues is the combinatiofi of new aad pna 
art technology used to obtain higb spcc6, low noise images 
It tbe resolution necessary for inspection. 

Tbe beam is typicalty scanned over a field of 512 pcxeb 
(1^100 micrometer width) osing a very fast 5 miooseconds 
poiod sawtooth scan. Tbe deflection is largely free a[ 
distortion and is snbstantially perpendicular to the smfacc* 
so that the imaging cfaaraaedstics are onifonn over the scan 

Detection is highly efficient so that neady all of the 
secondary electrons generated by each electron in the probe 
are used to form the image. Tbe bandwidth of tbe detection 
system is comparable to the {Kxel rate, due to the sboct transit 
time effects. Extraction of secondary electrons is coaxial so 
that edge features are imaged identically regardless of their 
orientation upon the substrate. 

FIG. 4 shows the elements of the optical subsystem and 
some of the associated power supplies necessary for under- 
standing its function, nt electron gun consists of a thermal 
field emissioo cathode 81, an emission control electrode 83, 
and an anode 85 having an anode aperture 87. Cathode 81 
is held at a voltage of -20 KeV by power supply 89. 
Emission currcnl, which depends upon the electric field 
strength at the surface of cathode 81, is cootroUed by the 
voltage on electrode 83 via bias suj^ly 91, which is negative 
with respect to the voltage on cathode 8L Cathode 81 is 
healed by current supply 93. A magoetic condenser lens 95 
near cathode 81 is used to coUimatc the electron beam. An 
\sppa deflection system 97 is used for aligunent, stigmatiOD 
and blanking. The optics are further apertured by beam 
limiting aperture 99 consisting of several holes. The beam 
IM is deflected by a pair of electrostatic pre-lens deflectors 
1#1 and 1#3, causing the beam to rock around a point above 
the objective lens 104. Objective lens 104 consists of lower 
pole piece 106, intermediate electrode 107 and i^per pole 
piece 105. In the high voltage mode of operatioo only the 
magnetic elements 105, 106 of the objective lens are used to 
focus the probe. The beam is eventually scanned tdecentri- 
cally over substrate 57. The iqjproximately parallel beam is 
refocussed by tbe objective lens 104. forming a Ix magni- 
fied image of the source that illuminates snbstrate 57. 

In the high voltage secondary electron imaging nxxle, 
secondary electrons art extracted up through the objective 
lens 104. Stage 24, substrate 57 and lower lens pole piece 
106 are floated a few hxmdred volts negative by power 
sopfdy 111 so that secondary electrons are accelerated to this 
energy before passing tfaroogh defleaors 112 and 113. The 
intetmediate electrode 107 is biased positive with respect to 
the stage via sappify 115, and is used to accelerate the 
electrons as soon as they leave the substrate and to aid in the 
cffidest coUecticm of secondary electrons that manmt^ ^om 
depressed areas on the substrate. This combiDatioQ cf a 
floating stage 24 and an intermediate electrode 107 vinnally 
rJiminatf any spread in electron arrival times at secondary 
electron detector 117. As they pass back up throagh tbe lens 
104, the returning secondary electrons axe deflected by 
deflectors 112 and 113 which act together as a Wien filter, 
and into detector 117. Here tbe return beam is reaooekrated 
to higher energy by power supf^ 119 in connection with 
anode 118 of detector 117 to cause the secondary electrons 
to impact the Sboctky barrier solid state detector 117 at an 
esergy levd that is sufficient for ampHficatioa. Axkode 118 of 
detector diode 117 is reverse biased by power soppty 121. 
Tbe amplified signal from detector diode 117 Ibea passes to 
preamplifier 122 after which it is transmitted toihe video 
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acquisidoD prc-proccisar 4S (see FIG. 1) tad 
eifictrooks via a high volnge iff»nUt|fig opcic link IK. 
This signal constitotBS the secondary electron annpooent 
signal 33 in FIG. 1. 

lb allow inspection of partially tzaaspareot substrata, a 
transmission electron detector 129 is located below sUge 24. 
TVanizmtted dectrons pass tfanngb sobstrate 57 at hi^ 
energy and do not reqaixe reaccclcratictL The transmissioD 
electrostatic lens (consisting of nppa element 123, middle 
clement 124 and lower element 127) is used to spread the 
transmitted electron beam to a diameter soitable for detec- 
tion by solid state detector 129. Qectrode 123 is held at the 
same potential as stogc 24. while electrode 124 is hdd at 0 
to -3 KV by porwer sopi^ 114. The signal from transmitted 
electron detector 129 is amplified by aropliikr 133 and 
iransmiaed by fiber optic link 135 which is the transmitted 
eiectroD component of 33 in FIG. 1. 

The optical system is also designed to allow the cc^ection 
of back-scattered electrons which leave the substrate surface 
at nearty Che same energy level as primary electrons. Back- 
scaoeied electron detector 16# is a Sbottky barrier diode 
detector similar to detector 117 that it is located to the side 
of the beam axis. Somewhat different settings of the elec- 
trostatic and magnetic Wien filter deflectors 112 and 113, 
cause this beam to be deflected to the left onto the solid state 
deteaor 14#, where the signal is amplified by pre-axnpHfier 
142 and passed to pce-processcr 48 (see PIG. 1). 

For imaging with low voltage beams in the range of 
500-1500 eV, elements of the objective lens system are 
biased oonsideraMy differently, and two specific new de^ 
ments are used. Mmaiy beam electrons are decelerated 
within the objective lens by floating the substrate 57, lower 
objective lens pole piece 106 and intermediate electrode 197 
at aboot -19 Kv by means of supply UL This technique 
allows the beam to be decelerated only near the end of Its 
path, avoiding aberration and cohmm interaction effects that 
would greatly degrade the image if the entire beam path 
were operated at lower beam energy. Under these conditions, 
the decelerating field between pole pieces lt5 and 194 
creates a considerable focussing effect An additional snor* 
kel lens 125 with a single active pole piece bdow the 
substrate provides most of the additional magnetic focussing 
field near the surface. The retnm fiux of this lens passes 
through pc^e piece 196 to the outer shell of the snorkel lens. 
In addition to providing focussing, the strong magnetic field 
at the substrate assists in extracting low energy secondary 
electrons firom de^ featiffes, and tends to keep the second- 
aries c<Tfltmatrd as they are reaccelerated up the objective 
leas bore 194. 

In the low voltage imaging mode; secondary electrons 
that leave the substrate at about 5 e V are reaccelerated to 
about 19 KeV within the objective leas. To iwiwirwiTji^ 
charging, it is desirable that these electrons pass throngb a 
short field free region ne« the surface. In the low voltage 
mode the leakage field from the objective lens would create 
an accelerating field at the sobstrate soif ace 57 were it not 
for the voltage level on intctzDediate electrode 197. In the 
low voltage mode, intrfmrdiatc electrode 197 is faiaied 
negative with tctpecx to electrodes 194 creating a fidd free 
region that can be adjusted by supply 115 for optimum low 
voltage imaging. After reaocelcxation, the secondary elec- 
trons pass through the Wtea filter deflectors 112 and 113 
where they are deflected to the left onto the same detector 
149 that is used for badcscaiter imaging in high voltage 
mode. Thos the detected tignal at preampUfier 142 consti- 
tutes the most impottant image signid used for inspection of 
wafers at low voUage. Detectors 117 and 129 are not used in 
this mode for wafa inspecdoa 
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FIG. 5 shows t scbemacic dugnm of the vsioat ejecooa 
beam paths wiihin ooluma 20 and below substme 57. 
BectTDiis are rminrd radiiUy from field emissioQ cathode 
91 and ippear to onginate from a veiy small fadght point 
soQice. Under the combioed action of fte accelerating field 
and condenser lens magckecic field, the beam is coUimated 
into a paraUd beam. Gun anode ^>eitttre 87 masks off 
electrons emitted at unasable angles, while the remaining 
beam continues on to beam limiting aperture 99. Upper 
deflector 97 (FIG. 4) is used for stigmation and alignment, 
cnsoring thai the final beam is round and that it passes 
through the center of the otijective lens consisting of ele- 
ments 105, \H and 197 (FIG. 4). Condenser lens 95 (see 
FIG. 4) is mechanically centered to the axis deiined by 
cathode SI and limiting aperture 99. The deflection follows 
the path shown, so that the scanned, focussed pntot (beam 
at point of isqwa with the substrate) emerges £rom the 
objective leas 104. 

TThe diameter of the scaxming beam 100 and it^ cuzreot are 
determined by several factors. The anguL^/emiasion from 
Che source (1.0 Ma/steradians), and tl^ apcmire angle 
defined by final j^)eraire 99 determine t^ beam oorent. The 
probe diameter is determined by aberrations in both lenses, 
which are designed for high excitation (field width/focal 
length) to TTripimiTg both spheiical^d chroitutic aboiation. 
The effect of beam interactions^ie. statistical binning due 
to repulsion between individual beam electrons) are also 
impoitant in this high current system, accounting for about 
half the probe size on suk>strate 57. These effects are mini- 
mized by avoiding into^iediate crossovers, by using a shoit 
beam path (40 cm.) a^d by using lenses with relatively large 
half angles at the source and substrate 57. To obtain a given 
spot size, the a^xxture diameter is chosen to balance all these 
ejects while noviding maximum possible current. In this 
system spot m.c is pdmarily adjusted using the aperture, 
although it ispossible to change lens strengths to magnify or 
demagnihrthe beam from the source^ 

In Hign Voltage mode. Wien filter deflectors 112 and 113 
(see FIG. 4) deflect the approximately 100 eV secondary 
electron beam 1^ into detector 117 without substantially 
influencing the Ugber energy scaiming beam 100. The Wien 
filter consists of electrostatic octopc^e deflector 112 and 
quadrupole magnetic deflector 113, arranged so that the 
electric and magnetic fields are aossed (perpendicular to 
each other). Retuming secondary electrons are deflected 
sideways by both fields. However, since primary scaiming 
electrons 100 are travelling in the opposite direction, the 
strength of these fields may be chosen so that the Wien filter 
exerts no force upon the primary scarming beam 100 even 
though it deflects the secondary beam 167 through a large 
angle. This so called **Wien filter" is used effectively for 
coaxial extraction. The arKxle 118 of secondary electron 
detector 117 is shaped so that during reaocekration, t>eam 
1(7 is collected and refooissed upon the collector of sc^ 
state detector 117. 

The paths of detected transmitted and bad-scattered 
electrons are also shown in FIG. 5. To detect back-scattered 
electrons in high voltage operation, and secondary electrons 
in low voltage operations, the Wien filter 112 and 113 is 
excited differently, so that these electrons foUow the path 
shown up the system to the hack-scaccer detector 160. When 
partially transparent masks are imaged, electrons can also 
pass through the substrate surface 57 without losing all their 
eneigy. These transmitted electrons pass through electrode 
system 123 and 124 (FIG. 4) which acts as a kns to spread 
out the trarumitted beam 108 before it hits the detector 129. 
When transaiitted signals are to be obtained in the high 
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voluge mode, a bole in the Snoctd lens 125 allowi them to 
pus without SQbstutiJdly influeocing the Iciu fiekt necet- 
stry for low votUge secoodny imagiiig. 

In low voUige mode opcntiixi, where the nbstnte 57 and 
electrodes IM. IWf m flottedat hi^ vohage, the objective 
lens openies quite diffcreatly even tfaougb the beam paths 
are similai: Snorkel lens 12S applies a magnetic field which 
extends through the substrate 57 and into pde piece 1#6 
above. As the elections dcoelcrate in the field between 
electrodes 1^, 1^6 and 107, further refraction occurs result- 
ing in a relatively shoct effective focal length. This kind of 
decelerating immersioo kns has remarkably low aben- 
tions. It differs from convcntioDal cathode lenses osed in 
emission microsc^, insofar as electrode 107 is biased 
negatively to fcznn a short electric field free region near 
substrate 57. With this electrode, it is possible to bias the 
surface in such a way that some low energy secondary 
electrons return to the substrate to neutralize charging 
effects. 

Those secondary electrons that escape the field free regioo 
are re-accciented in the region between electrodes 107 and 
105. They emerge from electrode 105 at an energy approxi- 
mately equal to the 20 KeV pdmary beam energy from the 
gun minus their landing energy on the substrate; In die 
objective region, the secondary paths are similar to the 
primary beam, but at much larger angles since secondaries 
are emitted with a broad angular distribution. This secoodaiy 
electron beam is directed toward the low voltage secondary 
electron detector 160 which is the same detector used fdar 
backscatter imapng at high voltage. Since the energy of the 
returning seqoodaxy beam IM is comparable to the pdmary 
beam energy, much stronger ^en filter 112 and 113 deflec^ 
tions are required, bat this can be done without substantiany 
influencing the primary beam path 100. 

Since the low voltage mode is frequently to be used for 
the inspectioQ ci partially insulating surfaces, the technfqurs 
□sed to mintmiTjit charging are an xropcHtant aspea oi the 
present inveatioo. Charging Gi an insulating region occurs 
when the number of secondary electrons (low energy sec- 
ondaries & backscatters) does aot equal the number of 
primary beam electrons IncideDt upon the surface. For any 
surface that gives an image, this charge balance varies 
depending upon the topography and material The tecoodary 
electron scaittccing yield vanes with the energy of the 
incident t>eam, but for most materials is greater than one in 
the range of about 200-1500 eV and otherwise less than 00& 
When the yield is greater than one, the surface will charge 
positive. 

Secondary electrons leave the surface of substrate 57 with 
energies in the range of 0-20 eV with the most probable 
energy near 2J eV. If die electric field near the sorfnoe of 
substrate 57 can be controQcd, in this case by the potential 
upon intamediate electrode 107, secondary etectroos can be 
encouraged to leave that surface or return to it, dq)ending 
upon the appded field and the energy that they leave with. 
For i^*TTipU if in approximately 10 eV retarding poCeatial 
barrkr is estaUid>ed, then only some of the scooodanes 
emitted frcm a point on the surface S7 would escape to the 
detector. 

If the nmsbcr of escaping secondary and badcscattered 
electrons is greater than the number of pdmary beam 
electrons, surface 57 wiH charge positivdy which will 
inaease the size of the retarding potential barrier created by 
electrode 107. Fewer low energy secondary electroiu will 
now escape. The surface potential will move positively until 
balance is reached. If Ibe number of escaping seoondary and 
backscattered electrons is less than the oumbcr of pdmary 
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electtOQ&, the sorfuc wiQ cfas^e negative^, whicfa win 
lower the retmiing poteatial bmier creited by dectrode 
117. A Uiger nxocte of low eoogy seooodjry electrons will 
oow C3C^. The tadmx poccntiil will move negadvdy ontQ 
btliDce is retd>ed. Uoder these conditions, a suble siof ace 
potential wiU cmoge ifta some period time. To avoid 
creatiitg Urge pocendAl differeoces becween arets on the 
substrate, it is essettiAl to properly adjust electrode 107 so 
that the equilibrium coodition (primarily beam cucrcnt equal 
to secondary electron current) is obtained on avenge. 

Since topographical and matoial differences affect the 
secondary electron yield, different areas on a substrate will 
tend to <hfferent equihbrxnm voltages. However, in equilib- 
hum all areas produce the same numba of secondary 
electrons* This means that there is no contrast for substrates 
imaged in the eqoilihdnm state. To circumvent this problem 
the dose per pixel is Icept very low and if necessary the area 
lescanned by the "Innltiple frame scan" technique described 
earlier to obtain favorable image statistics. 

By controlling die time between scan passes, the surface 
has the opportunity to neutralize in-between scans, using 
electrons generated in adjacent regions. The key dements in 
this strategy are die field controlling dectrode 107, and the 
overlapping frame scan trajectory. 

As shown in FIG. 6, to maximize gun reliatHlity in the 
face of limited rafhodr lifetime, the guo structure contains 
six cathode/control electrode asseml^es mounted upon a 
hexagonal rotating coiret 137 floating at high voltage. Each 
assembly may be rotated into position above anode aperture 
87, and locked into poaitiott while making dectrical contact 
with the ^jpropriate power supplies* 91 and 93 (FIG. 4). 

The dectrostatic deflection system, consisting of pre-lens 
deflectors 1^1 and 103 (see FIG. 4), requires very homoge- 
neous Adds driven by hlg^ spccA sawtooth deflection volt- 
ages. The structure is a nM>ooIithic cexamic^metal assembly 
etched to form 20 individual deflection plates. Four drivers 
are required for each of the two stages, to provide a scan that 
can be rotated to match the stage 24 and substrate 57 
coordinate systems. 

Automatic tuning and set up are provided for operator 
ease. Lens aixl deflectioa/stigmation demenu and all hi^ 
voltage supplies are imder DAC control^ interfaced to ool- 
omn control computer 42 (see FIG. 1). In several cases, 
routines to adjust deflection ratios and dectrostatic plate 
voltages for specific functions are resident in the oolunm 
control computer 42, and gun control and setup is based on 
nominal values, modified by adaptive routines using A/D 
feedback for emissioa current, apeitore current, and supply 
settings. 

Beam centering is based upon other well known routines 
that rfi'minat^ dcficctions when lens cunents are changed. 
These operations use q>ectfic test samples imaged by a two 
axis frame scan fondioo, and they exploit image analysis 
capability that is also necessary for alignment and inspec- 
tion. Focus is maintained automatically to compensate for 
substrate bdght variations, while stigmatioo is p q fanned 
phor to inspection. These routines are based upon andysis 
cf the contrast and harmonic contest of images using the 
acquisition pre-processor 48 and related electronics. 

In the present invention the nomind operating conditioas 
cf the optics for high voltage mode are a 20 KeV beam 
energy and beam cuzrent spot size relationship varying frtxn 
3(X) DA at 0.05 Mm to 1000 nA al 0.2 pm. The scan period 
is 5 microseconds using a 512 pixd scan fidd imaged at 100 
Megapixds/sec Detector 117 cocrent amplification is the 
diode IS about lOOOx at 5 fCV to SOOOx 20 KeV. The 
overall system can perform over diis range cf operating 
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conditions for axnpLes of mere than about 14% edge coo- 
trast at 100 Megtfixi^tec osing a 0.05 mioomete spot 
The aoquisitioo dectrociics makes provuioQ for integridiig 
marc iban ooe son Une, allowing lower contrast or higji 
resolntioa images to be recorded at lower bandwidth. 

In low voltage mode, the beam energy op to electrode ItS 
is 20 KeV and ttke beam energy at the substrate is SOO eV. 
The beam cuueut spec size relatiooAfaip is 25 na at O.QS ^m 
and 150 na at 0.1 puL The scan period and field size are the 
same as hi^ vo^e mode. Detected 160 amplification is 
5000X. The system can peif <xm over this range of operating 
conditions for tampks of more than about 20% of edge 
contrast a: 100 megapUeh/sec using a 0.05 micrometer spoL 
DEFECT mOCESSOR 

In the case d die-co-die inspection, the function of defect 
processor 56 is to compare image data derived from die 6S 
with image date derived from die 70, cr. in the case of 
die-to-database inspection, to compare image dau doived 
from die 64 wi& data derived from the database adaptor 54 
The routines and the basic implementation of defect pro- 
cessor 56 are sobstantialty the same as those of the defect 
processor drscribed in U.S. Pat No. 4,644,172 (Sandland ct 
al; '"Electronic Control of an Automatic Wafer InspcctioD 
System**, issued Feb. 17. 1987 and assigned to the same 
assignee as the present application) which uses three param- 
eters to detennine defect locations whereas the ireseot 
invention uses four 

AH data for either die-to-die or die-to-database inspection 
are received either frocn memory block 52 or, after aHgn- 
ment ccHrection, from the alignment computer 21 
(depending on how the alignment correction is 
implemented), and are in the form of six bits per pixel for 
each detector type. In defect processor 56 four parameters 
arc determined for each pixel for each type of detector of 
both inputs: 

a. I, the gray scale vahie of the pixel; 

b. G, the magmtode the gradient of the gray scale pixel; 

c P, the phase or direction of the gradient of the gray scale 
value; and 

d. the curvature of the local gradient contour 
The gray scale value is ntcrely the value in memcry block 
52 for the pwtimbr pixel The magnitude of the gradient and 
the direction of the gradient are derived from first con^xaing 
the X and y Sobd operator components: 

-10 1 12 1 

S,"-! 0 2 5y-0 0 0 
-10 1 -1 -2 -I 

The magmtode of the gradient is then ([SJ^MS,f)^ and 
the direction is tan~\S/S J. 
The curvamre is 
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where the ooeffident a^ is a set of parameters sdected 
depending on the appticatioD and is defined to be 
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^U^-Ll ^B^^ ^O^U 

frn/tfl frij/u 

Where is the gny scale vaioe of a pixd in the l'* 
column and the row of the image and a^ and bj^ are 
panmetm dcnved empirically. 

lypicai values for the prcfeocd embodiments are: 

0 -12 -10 

12 1 -12-2 2-1 

fr^mj 4 2 aja-2 -2 0 -2 -2 

12 1 -12-2 2-1 

0 -12 -10 

In the manner desoibed above, quantities I, G. P and C 
are determined for each pixel of bods images. For any given 
pixel A of die 6&, these parameters are then con^>ared with 
the sasot parameters of the corresponding pixeL B. on die 70 
and also with the parameters of the eight pixels inunediatcly 
adjacent to B, If fcr every pixel in the neighboihood of B at 
least one parameter differs from the same parameter of pixd 
A by a value greata than a predetennincd tolerance, pixel B 
is flagged as a defect of both dice. 

In a similar manner, Che parameters of every pixel of die 
70 are coQf»ared with the parameters of pixds in the 
cocrespoQding neighborhood of die 68 and the appropriate 
pixels are flagged as being defective. 

The physical implementation of this algorithm is per- 
formed in pipeline logic* as descnbed in U.S. Pat No. 
4.644,172 (Sandland et al; ''Electronic Contn^ of an Auto- 
matic Wafer Inspection System", issued Ftb. 17, 1987 and 
assigned to the same assignee as the present ^Hcatioo). 
The matrix operations are implemented in Appli^on Spe- 
dftc Integrated Circuit (ASIC) devices which are cascad<!>d 
in a pipe line computational system ca|>able of coix]4>uting 
defect data at a rate of 100 Megapixels/second. 
DEFLECTION CONTROLLER 

In die-to-die mode, the function of deflection coirtroller 
50 is to position the dectron beam 100 ai equidistant grid 
points widiin each swath 60 of die 68 so that the ouqxits of 
the detectors 129, 160 and 117 can be compared ^t^Ax the 
outputs of the same detectors at the oocresponding location 
on die 70. Similaily, in die-to-database mode the simulated 
image derived firom database adaptor 54 is compared with 
the deteacr 117 output from a die. Deflection oontroUer 50 
aoooQq>lishes this by controlling the positioDs of stage 24 
and cf dectron beam 100 as shown in FIG. 7 and explained 
below. 

When scanning the first die in a swath, the output of 
alignment cos^juter 21 is set to zero, because during the 
scanning d the first swath of the first die there cannot be a 
misalignment. Therefore, during this period, deflection con- 
troller 50 recdves its instruction only from column com- 
puter 42. Based on these iastiuctioas and the position data 
received from the x and y intedierometers 28, deflection 
oontroUer 50 calculates the desired motion of stage 24 and 
transmits cocrespooding signals to stage servo 26 to move 
stage 24 according. Deflection coDtroDer 50 similarty 
calculates the desired deflection of beam 100 and transfcn 
this data to analog deflection drcuit 30. As stage 24 moves, 
iti position is coostantty monitored by x and y iaterfgom- 
eters 28 and any discrcpandes from the desired stage 
position are detennined and used to generate an eoor signal 
which is fed back to the stage ser^o drive 26 by deflection 
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oooooQa St. Bectose d (he Mgh iitotu d sage 24 these 
error slgtuU cum oonect for bigb frequency cxrorv io the 
stage positioA. The tugb frequeocy eoors, io both x tnd y. 
sre oomcted biy the deflection of ekctxoo beam u 
con^MXed by defection coctroDer 5# which tnnnniti these 
signsb in digitil fom to siulog deflectioo circaxts 

As beam IN scus die tt, ^ty scale vahjes are stcrod la 
meoKsy block 52. As soon as dectzxn beam 19t stam 
scanning die ?• these values are also stored in nacmovy block 
52 and are immediaiely also transfored both to defoct 
processor 56 and alignment computer 21. In alignmeot 
computer 21 the two data streams, one dcnved from die 69 
and another from die 70, are compared for aHgnmeat If 
tbae is a misalignment* an alignnuuit correction signal is 
generated and transferred to deflection cootrofler St. This 
alignment signal is then used as a vernier ccoection to - 
pofitiOQ beam lOt at the correct location on subistrtte 57. 

In die-to-database mode, deflection ooatroUer 59 frmc^ 
tions similaxiy to the way it functioned in the die«to-die 
mode, except that the output of database adaptor 54 repUoes 
the input image derived from the flist die in the swath. 

The deflection cootroUer 50 also computes and defines the 
stage 24 motion. vpteA and direction* as well as the param- 
eters of the electron beam deflection, 
AUGNMENT COMPUIHR 

The function of alignment oonqxiter 21 is to accept two 
digitizM images in the fonn of gray scale valnes, and 
detennine, in terms <tf fractional pixel distances, the mis- 
alignment between these images, liie prefecred embodiment 
of these alignment calcolations is described in U^. Pat No. 
4,805,123 (Specfat et al; ''Automatic Riotomask and Reticle 
Inspection Method and Apparatus Including Improved 
Defect Detector and Alignment Sub-System**, issued Feh. 
14, 19S9 and assigned to the same assignee as the present 
application). In this preferred embodiment the •lignrnwit 
cocrecttoQ is oootiniiously calculated tfaroughoot the entire 
caie area. The calculated alignment correction may be used 
by the alignmem ccMnpoter to shift, or to shift and intetpolaie 
(for a subpixel shift) the images read frt>m memoiy block 52 
and sent to the defect processor so that the images are 
cccrectly aligned when examined by the Defect Processor 
56. Alternately, one may select a few specific featmes on the 
substrate 57, and calc^lat^ the mtsalignment only at these 
fettorcs, assoming that aMgnmeot does not change rapidly 
throughout the scanning process. In the latter case, a single 
board computer, sudi as dte Force Con^Miter, Inc. modd 
CPU 302BB may be used to perfocm the *iigwm^jir calcu- 
lations. These calculated shifts may be used to shift the 
positions of sut)sequent data acquisitions to redoce misalign- 
mests or may be used to determine shifts between the 
images that are scot from the memory block 52 to the defect 
processor 56. 
ANALOG DBH£CnON 

Axulog deflection circuit 39 generates analog ramp func- 
tions for deflector plates !•! and 103 (FIG. 4). The oper«ion 
of this subsystem is shown in FIG. 9. The digital signal 
derived from deflection oontroUer 50 is converted to an 
analog voltage by slope D AC 236 the ouqput oi which feeds 
ran^ geoerator 232. The amj^de of the ranq> is variable 
through the ose of DAC 234. while the offset is controlkd 
by DAC 236. Sample and hold circuits 238 and 246 are osed 
to define the start and the okd of the ramp, respectivtly. High 
voltage, low noise <hivers then amplify the waveform to 
prodnce a rinp with a dynamic range of ±1S0 V vMdi u 
applied tx> deflector plates 101 and 103. 
MEMORY BLCXIR 

The Memory Blodc 52 consists of three identical 
modales, with each one ooaesponding to a dificrcnt one of 
each type of detectors 117, 129 and 160. 
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Rdeoiiig (o FIG. ooscepcoiUy, each module of 
manory block 52 ooosisu of two FIFOs (First Id— First 
Oct) memcnes. The first FIFO ficra the gisy scale values 
coacspoDding to each dctttSor of an ectirt iwath doived 
from die 68, wtdle the second FIFO is mucfa sfaoiter and 
stores the gray values, again for each detector, coae^nd- 
iagtoonty afew scansof die79. The ootpitts from these two 
FIFOs are thea transmitted to defect processor 56 and 
alignment computer 21. Each FIFO faoctioas atarateof 100 
Mhz and stores each pixel's gray scale value with a precisioQ 
of 8 bits per detector. 

The memory accepts in its input register 302. 8 bytes in 
parallel from acqoisition pre-^rocessor 48 for r^i cfa type oi 
<Vtc< t oc. Input register 3t2, acting like a shift register, shifts 
the bytes to the right and then accepts another eight 
bytes, ontil socfa time that the eight sections of die ini»it 
register a folL At that time ail 64 bytes are clocked into 
memory 303, 

One way to in^Haneat this is with DRAMs 303. Ordi- 
narfly 128 m egabytes would be used in a system. 
ACQUlSmON FRE-PROCESSOR 

Acquisition pre-processor 48 converts the analog signal 
from each detector 117« 160 and 129 and digitizes these to 
an eight bit value at a rate of 100 Mhz, then refomats the 
output signal for storage in memory block 52. 

Acquisition pre-processor 48 consists of three identical 
modules, one of ^cfa is sh^^wn in FIG. 11. Each module 
aocqxs an output from its cv r^wnding detector and digi- 
tizes that ou^wt to an accuracy of 8 biu and then places it 
into multiple scan integrator U. The purpose of mohiple 
scan integrator U is to average the gray scale values from 
the same pixel for the reductioo of noise. Under certain 
circumstances the pixel may be rescanned, ie. resanq>led 
several times aod die resultant value is die average of the 
vahies for that pixel This value is then transfored to shift 
registo 13 which acoepa eight bytes in series before trans- 
femng diem in para llel to memory block 52. 
INTERFEROMETERS 

The x and y positions of stage 24 are monitored by x and 
y interferometers 28, such as Tcietrac TIPS V. The positions 
are defined to 2Mnx precisioD where the least significant bit 
co rrespo nds to approximately 2.5 nanometers. 
SYSTEM CX)MPljTER 

Overall control of system 10 is provided by a system 
con^juter 36 which, among its other booseke^ug tasks, 
ensures that various step sequences are pcrfonned in an 
orderly manner. Each event in the sequence is aocomiiiiahed 
at the programmed time, widi a number of nonoonflicting 
sgquences performed simultaoeously to m^rrmWi^ through- 
put of computer 36. 

The routines preformed by ccHi^xiter 36 are designed such 
that user interaction with die system is eiAer through 
keyboard 40 with an associated mouse or trackball poutiBg 
device, or by data commimication with a remote cotnputa: 
For local interaction, computer di^lay 38 di^>lays graphics 
and text from system con^nter 36. 

The system oonqjuter 36 routines are organized into four 
conmnniiraring **taaks". These are: 

1. A Master T^sk through wtiich passes all communication 
with column cootrol conqxitcr 42« post processor 58, 

and mask handler 34 This task also noaintains files on 
the system computer that record machiae operatittg 
paruneters such as lens settings, vacoom pressures, and 
beam cucreota. 

2. A User Interface Task that manages dispUys on cchx^ 
inter display 38 and mat handles keyboard 40 and 
moose inpot This task rc^wnds to user keyboard 40 
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tad moose ifiput by znodifyizig dm files and by sending 
messages to odier pets of the syston to initiate tctions. 

3. An InspcA Task that sends descdpdoos of image 
acquisition fwaths to oolsmn controi ooc^wter 42 (via 
the Master TU^. 

4. A Commjttd Language Intoprcter Task that can accept 
command inpots from ke y b oar d 49. This task also 
manages timcn that enable the antomatic scheduling of 
repetitive operations. In addition, this task creates and 
updates a text logfile describing all machine operatioas 
and the time they occurred. Normally this task is only 
used for machine control by service engineers. 

An example of a system computer is a Sun Microsystems 
SPARC processor that runs under a UNIX operating systenL 
(UNIX is a registered trademar k of A T&T.) 
COLUMN CONTROL COMPUTER 

Column control computer 42 consists of the autc^ocus 
ccKopotcc, vacuum control computer and deflection instruc- 
tion conqMiteL The functions and implementation of the 
autofocus computer is covered under the headings Autofo> 
cus System and the Vacuum System is desoibed under the 
heading of Vaconm System. 

Column control computer 42 receives its instroctioos 
from system cooputer 36. 

The column computer 42 is implemented in a 6SQ30- 
based singk bojtrd computer, such as theC7U302BEmade 
by Force Conqnta, Inc. 
POST PROCESSOR 

Post processor 58 receives from defect'proccssor 56, a 
nuip that identifies every defective pixel for each type of 
detector. The post processor 58 concatenates these maps to 
AMmnin^ the sizc and location of each drfect and classifies 
these by defect type. These data are then made available to 
system ompater 36. Physically, post processor 58 can be 
impkmeated as a 68030 single board computer, such as 
model C7U 30ZBE made by Force Conqxiter, Inc. 
VIDEO FRAME BUFFER 

Video frantt buffer 44 is a commercially available video 
frame memory with a storage capacity <^ 480x512 pixels, at 
12 bits per pixel A suitable frame buffer is the Image 
Technology, Inc model FGIOOV. The video frame buffer 
refreshes image display 46 30 times a second. 
IMAGE DISPIAY 

Image dispUy 46 is a commercially available color 
monitor, such as die SONY model PVM 1342Q. False color 
techniques are employed to aid the evaluation of the image 
by the operatoc Such techniques assign different colors to 
the different gray shade values of a monochromatic image. 
DATABASE ADAPTOR 

Daiabase adaptor 54 is an image simnlitnr that produces 
gray scale valoes corr esp onding to each pixel on the basis of 
computer aided design data used for the making of the 
pattern in the die. Typically, the input to the database adaptor 
is a digital magnetic tape in a foonat used for the generation 
of the pattern for the integrated circuit These digital data are 
then coBvexted to a stream of pixel data organized in swaths, 
in the same format as the output of acquisition pre-processor 
48. Such a database adaptor was previously disclosed in U.S. 
Pat No. 4,926,489 (IHnidJon et al; Hetide Inspectkxi 
System", issued May 13, 1990 and assigned to the same 
assignee as the present application). 
SUBSTRATE HANIX£R 

The foBCtiott of substrate handler 34 is to automatically 
extract substnte 57 from the casstftr and place it in the 
substrate bolder in the proper orientation. It is a robotics 
device that is similar to w^er handkn in common use for 
transporting and ooanipulating wafers in the samooodoctor 
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ixKbistry. The first fuocdoa of the haodkr is to detennine the 
ociemjtioa cf the flat 59 of FIGS 2 uid 3a. HixkUct 34 
senses the flat optically with a linear CXD sensor choitBd 
radiaDy with respect to the rotational ceotcr of the snbstnte. 
As the substniB roates, the output of the image sensor is 
converted to digital fom and is ttien stoced in a single board 
oampatcr, such as the Force Conquer, Inc. CPU 30ZB& 
The computer detennines the location of flat 59. The sub- 
strate is then rotated into the proper ocicntatxon and auto- 
matically placed into a substrate holder The holds, now 
containing the substrate, is loaded into load elevator 210 of 
FIG. 8. All q)eratioQs of the handler are executed aiKler the 
control of system con^Mitcr 36. 
CTAGE 

The function at stage 24 is to nKsve substrate 57 under 
electron beam lit and under opdcal alignment system 22. 
In order to minimiTf the con^>lexity of the system^ stage 24 
has been selected to only have two degrees ^ freedom: x 
and y; it can ncitber rotate nor move in the direction 
perpendicular to the :^-y plane of substrate 57, In other 
words, the stage can ooiy be translated in x, y or diagonal 
directions. Instead, rotation of the &Beam raster is accom- 
plished electroitically. by resolving any scan into the two 
components of the elecnostatic deflection of the beam and 
also moving the stage with the mechanical servos in a 
similar manner. Z-axis motion is ekX required because the 
objective lens has sufficient range in its variable focus to 
compensate for any height variations in substrate. 

The stage 24 is a precision device with closely controlled 
straightness. orthogonality and repeatability. Czx>ssed roller 
bearings are cn^loycd. The stage is vacuum compatible and 
nonmagnetic, so as not to interfere with electron beam 100. 
It has an open frame, so that transmission electron beam 108 
can reach detector 129 bdow it. The open frame is also used 
to place substrate 57 on it from below in the loading process. 

Three-phase bcushless linear moton (not shown), two pa 
axis, have been selected to drive stage 24 for best overall 
system performance. Sultat^e linear motors are the Anoline 
models LI and L2 made by Anorad, Inc. 
VACUUM SYSTEM 

The entire vacuum system is under the control of ct^umn 
contrcd conq)uter 42. Conventional pressure sensors (not 
shown) within various parts of the system measure die 
pressure and report this to column control oxnputer 42. This 
computer then sequences various valves, as necessary, on 
start-up or during the loading or uidoading of a substrate. 
The latter routine is explained in more detail tmder the 
heading of Load OperatioiL Should the vacuiun be inad- 
equate for the electron beam operation, the high voltage is 
automatically cut off to protect source 81 fixmi damage. This 
done with pressure sensors in combination with can^Hiters 
42 and 36. SimnltaDeousIy, pneomatic isolation valve 145 
(FIGS. 6 and 8) is also actuated to protect the oltrahigh 
vacutun region 140 of the oolanu frtxn contamination. The 
operation of the vacuum system is explained in detail below. 

The vacuum system of the gun is a two stage dlifertntially 
pumped system dr::ggnftd to be pre-baked and odierwise to 
be mainuined indefinitely without servicing. Ultra High 
Vacuum, (qiproximately KT^ Tokt) region 140 is pasnpcd 
by ion pumps 139 and isolated by gun anode qMxtnre 87. 
Intermediate (^ipraximacdy ICT* Tcir) vacuum regioa 141 
is also ion pumped by pump 149, and is squnaed from 
main system vacuimi region 143 by pnenmatic gun isolation 
valve 145 and by aperture as$ea]>ly 99. Togedxr these 
vacuum dements provide an envirooment suitable for field 
emission in a production environment 

The vacuum in lower colunm region 143 is maintained by 
tuitx)pump 204 just as the vacuum in inspection chamber 1 9 
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296 is provided by tatbopnap 208. Jnspoctioc dumber 2#6 
is leptfited from lower cobimn regioD 143 by a pUte which 
tus a small bole tfaroogb wbich tbe eloctroa bcamctn pass. 
This separitiooafvacumsiregiocks 206 and 143peasxtihi^ 
vacoom to be maimained even wbea tbe sob«nte to be 
injected Is coated with a phocoresist material which typi* 
cally has a significant vapor pressure. 

The vacuum system has two air locks, 224 and 226, one 
to load a substrate 57 into inspectioo chamber 2#6 and one 
to unk>ad the substrate after inspection. Each fHaTnKg 
connected to the vacuum pumps via two valves, 212 and 
214, io a parallel configuratioa. Valve 212 is for slow 
pumping of the lock diamber 224 while vaWe 214 has a 
large orifice and is able to handle a laige volume. A similar 
nrangement, also shown using valves 212 and 214, is 
provided for chamber 226. Tbe purpose ol this dual atrange- 
mcAt is to preclude partides being stizrcd up in the evica> 
atioD process and yet minimize the time required for evun- 
atioD and r^vessorization of the chambers. 

As win be eaci^aiaed in mere detail below, inilially, afta 
the substrate has been placed in load lode 224, only the alow 
valve 212 is opened, thoeby ensonng that the flow rate in 
the chamber is sofBdently slow so as not to stir up particles 
in the lock sea 224. Once the pressure in the diamber has 
been reduced to a level that the air flow is in the free 
molecular flow region, a regton where paitides are do longer 
stixred up, tiie large valve 214 is opened in order to rqadly 
evacuate tbe remaining air in the lock. A similar two-step 
operation is used in the lepressurization process, wbext 
* valves 228 and 230 provide fut and slow venting for each 
chamber 224 and 226. 
LOAD OFERAnON 

As previously descril)ed, substrate 57 is mated with an 
adaptor in matt handler 34 and is placed into load elevator 
211. Load lock 224 is, at this time, at atm ospheric pressure. 
Valve 212, a valve that permits only slow evacuation of the 
load lock 224, opens, ^en lock 224 has reached a pressure 
where the flow becomes nadecular, vaWe 214, a high 
capacity valve, is opened and the remainder of the air is 
- pumped out Now gate valve 216 is opened and ekvator 21% 
poshes substrate 57 and holder through valve 216, into 
inspection chamber 206 and places it oo stage 24. After 
substrate 57 has been inspected, the reverse process takes 
place aod substrate 57 is replaced in a cassette used to store 
subttntes. 

Ahonatety, a cassette of substrates could be loaded into 
tbe chamber in a similar way, each of the ooUectioa of 
sobstrases inspected and then the entire cassette of substrates 
removed and replaced with the next cassette of substrates. 

Further stilL the double lock arrangement of the preseoc 
invention makes it po&sftHe to be inspecting one substrate in 
one rhamhffr while simultaneously a second substrate is 
other being insested and pressurized, or depccssurized and 
removed, using the second chamber. 
AUTOPOCUS SYSTEM 

Electron beam 1 His focused by varying the current in the 
system's objective lens 1#4 (FIG. 4\ Doe to tbe fact thM 
substrates are not always flat, and bccattte the suc&oe of 
stage 24 may not be perfectly perpendicular to the sods of 
ootamn 2#, tbe optimum focus cmxent varies over the caie 
area. Because this variation is slow as a fiinctlon of distance 
in the X and y directions, it is feasible to drtrnnirte tbe 
optinnm focus currem at a few A^gnjrtM points, and for 
any points in betwoeu these one may interpolate the desired 
focus osrenL 

As part of tite set-up aod initializatioo <^ the inspection 
process, the system measures the opcimom focus coaent at 
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rtnigwrrxl pointt. This focoa calibration process consists of 
fntitiomng the beam »i the A^gr^t^ point ud then 
mniwrnng the griy scale vilne along a straight line peq^en- 
ificuiir to an edge cf a festme on substrate 57. The c^gi^zed 
grey scale valnes are thca convolved with a high pass filta 
(not shown) for 10 diffiaiag values of focus current, for 
oun^e. The best focus is then the cutreot oocrespoodiog to 
the hig}iest output from the high pass filter. In the pref eoed 
embodiment a second derivative filter is used with the 
following convolution coefficients as follows in this 
cxunplc: 

For best results the ouipot of the high pass filter should be 
smoothed. 

The focus oompoter is pot of column control compuur 
42. The focus con^HZtatioo is carried out in special purpose 
hardware consisting of a convolver integrated drcuit and 
some DSP elements. 
OPTICAL ALIGNMENT SYCTEM 

Optical alignment system 22 is used by the operator to 
visually pofonn coarse alignment of the die after it enters 
the inspection phaTnhw The subsystem consists of a witidow 
into the vacuum chamber and lenses to project image 
pattens on a CCD camera for display on di$|Hay 46. The 
operator can chose ooe of two lenses, (in the present 
invention these were empirically determined) one with a 
magnification of 0.46 and the other one with a magnification 
of S.8 for the viewing of the pattern. In order to preclude (he 
coating of optical surfaces with contamination from the 
sut>strate, all lenses are located outside the vacuum. 
SEM PLASMA CLEANER 

In the course of operatioQ of the electron beam apparatus 
of the present invention, organic matrrials are dq)osited on 
various deflectioa and beam farming electrodes by proxim- 
ity interaction (near sixiaoe chaxging of particles), and 
volatilization of target macerial then drawn to high tension 
regions. The resulting dielectric accumulations over time 
will* through surface ctuoging, adversely affect beam steer- 
ing and fonning mechanisnu. Necessary periodic removal 
of these materials is acconiplished through employment of 
an oxidinng plasma formed in dose proximity to those areas 
of accumulation. 

To perform that functioo, oxygen is used as the pdmaiy 
gas for the formation of a cleaning plasma. Ref axing to FIG. 
8, oxygen supply 199 is introduced into the upper or lower 
portion of the chambers, 141 and 143, respectively, via vaWe 
193 and regulated asang a mass flow controller 195 to 
produce a controlled prcasore sensed by capacitance 
manonaeter 197. Qxygea p e s s m e is adjusted to optimize 
coupling of RF energy and localize the plasma excitation to 
each seqoentxally selerred electrode, or other electrodes 
needed to dean other regions of the operating ^Mce, all 
having differing metn free pa^ for ionization. Oxidation cf 
only the aganics takes place by tightly controlling the 
spatial plasma density in discharge regions to a levd just 
below the qnmering potraffial of the dectrode sufaces.This 
is acoon^lished by suppression of dectrode self biasing it 
hi^ frequencies and precise RF power IcvcUng, aad/ot 
voltage limiting. 

Referring now to HG. IZ for dectrodes reqoianf depo> 
sition removal or any other areas and or dements, all normal 
dectrode path coonectioBS are switched through relays 191 
to a radio frequency crmpatiKe mnltipkx relay 179 in order 
to direa RF energy sequentially to each. A generator of high 
frequency RF power 173 is enaMed and then output leveled 
by power detector 175 and ou^t voltage detector 178. 
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Using u satamidc mitcb Dctwork 1T7 (sucb as an 
AmoKnatdt registered trtdcmaxk of RF Ftasma Prodacu* 
Chary HiU KJ.)« leveM RF ootpot power is then tzins- 
famed to apptopoMtt voltage, cocrcot, and pha^e rdasion 
such as to provide botb sofiBdem avalancfae potential to 
initiate a puisna disdusgc as well u pofooning conjugate 
matdiing oi the sastnned discharge load. 

As shown in FIG. 12 is substrate coating system 172 for 
applying a conductive coating to the top surface of the 
substrate to be inspected using the present invention. Any of 
several well know condoctive coating plication system 
can be nsed including, but not timited to, one that utilizes 
evaporative or sputtering techniques. 

Simtlaiiy the pUsma may also dean any other suzfaoes or 
electrodcd, such as 171. 
INSPECTION OF PHASE SHHT MASKS 

PIG. 13 mostratci the aosssectioo of a typical phase shift 
nusJc 5N hiving an optically iransmsssive quartz substrate 
504 and an opaque panened cbromium layer (typically 0.1 
\im thick), shown here as pads 506, 5M and 51^, dqxuited 
onto the cop sozface of substrate 5%4. An optical lAsasc shift, 
that is deaked in the production d a semioonductor wafer 
using a mask soch as phase shift mask 5tt, is produced by 
an appropriately sized wdl or trench 5t2 (typically >>>25 \im 
in depth) that b etched into quartz substrate 504 at the 
desired locatioa 

Phase shift nuisks, such as mask 500, have always been 
inspected optically, however, optically techniques are ever 
mere difficuk to use as the desired semiconductor surface 
■ pattern sizes to be produced by such masks become ever 
smaller. The present invention uses an electron beam tech- 
nique that eznploys the resultant backscatter and secondary 
electrons to inspect a phase shift mask of any of several 
variations to detcncnine the surface features of that mask. 

To prepare phase shift mask 500 of FIG. 13 for inspection 
using an dectroo beam, a thin dectrically coodnctrve layer 
512 of metal (e.g^ aluminum or gold) or of an electrically 
conducting polymer (e.g. TQVSOl manuf actored by Nagase 
Ltd.), is placed on all exposed top surfaces of mask 500 and 
I the sQuctures thereon and therein (with a film coating 
system of any of a vanety of types, including, but not limited 
to an evaporative coating system or i spotteriag system), 
including wells, by evaporation, or a similar process. Coo- 
ductive layer 512 is then electhcaUy grounded (501) to 
prxyvide an electrical return path for the electrons that are not 
backscattcred or produced secondarily, thus minimizing the 
possibH^ that an area of the ^^jbstrate that is under inspec- 
tion will acqttire an electrical charge. 

Phase shift mask 500 may contain surf see defects that can 
take various forms, such as extra chromium on, or cmwinted 
etchings into, the quartz, or posts of quartz within a well or 
extending above surface 544 of the quartz substrate 500. In 
FIG. 13 a defect in ttie form of an unwanted etching 514 
which is illustrated here as a narrow well adjacent chnwunm 
pad 508w However, an unwanted etching suiy occur any- 
where in tike surface of quartz substrate 540, iDduding 
beneath a chromium pad. 

Referring now to HG. 14, thoe is illustrated one upeCi 
of the present invention wherein the exposure of ditfertat 
surface locations cf a simplified phase shift mask 500 and 
the measorement of the resultant backscsctcr and secoodaxy 
electrons from that point czMt the user to determine the 
type of material beaeath condiKtive layer 512 at the locidon 
being stru^ fay an electron beam. In FIG. 14, for simplidty 
of inustratioo of this a^ect of the present invention, sub- 
strate 500 is shown being subjected to dectroo beams 100 
and 100^ at points 514 and Slf , respectively, with only oae 
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eledroo beam bong used at any instant in time. To fmtta 
clarify this point, the cicctroo beam system of the present 
inventioa has a single cdomn and thus only one electn» 
beanL The indobcm of two beams in this figure is to 
illostrate an electro beam being ^lied substantially pff- 
pcndicular to two different locatioss on the surface of the 
substrate at points 516 and 51C at two different points in 
time. 

Electron beam 100. or 106^. typicaUy has a high enetgy 
(nominally 20 KV) that penetrates conductive layer 51Z as 
well as, into each chromium layer 510 and quartz sub- 
strate 504* what cva is beneath the point of impact of the 
electron beam at that point in time. Since chromium has a 
tngher atomic weight than does quartz, electron beam 100* 
does not penetrate as deeply into chromium layer 510 and 
quartz substrate 504 as electron beam 100 penetrates into 
quartz substrate 504 alone, given that the strength of electron 
beams 100 and 100* are equal This is representatively 
illustrated in FIG. 14 by the two different sized teardrop 
scatter envelopes 524 and 526 at points 516" and 516. 
respectively, which illustrates the theoretical penetration of 
the electron beam at each location. At both points, the 
collision of electrons from election beam 100. or 100*. with 
thin conductive layer 512 produces secondary electrons 52S. 
commonly refened to as S£ I electrons As electron 
100*. or 100 penetrates into either chromitLm layer 510 a* 
quartt layer 504. respectively, a portion of the colliding 
electron beam is scattered and produces backscattcr elec- 
trons 53S or 536. respectively. When backscaacr electrons 
536 or 538 leave conductive layer 512, they also produce 
secondary electrons, 540 and 542, respectively, that are 
commonly refezred to as SE n eiectroos. 

Refctring now to FIG. 5 whcre an electron beam column 
is illustrated, as discussed above, secoodaiy electron detec- 
tor 117 generates an electrical signal for each secondary 
electron detected, while baclcscattcr detector 160 similarly 
generates an electhcai signal when a backscatter electron is 
detected. 

To illustrate the effect of bombarding an optical phase 
shift mask 500 with a high energy electron beam 100, FIG. 
15 combines the cross-sectioned mask 500 of FIG. 13 at the 
top with the corresponding secondary and harhxf^T^ff elec- 
tron waveforms 545 and 546, respectively, i^oduced by 
bombardment as electron beam 100 traverses across the 
surface of mask 500. Further, in FIG. 15 secondary and 
backscatter electron waveforms 545 and 546 are each illus- 
trated in registration with the cross-section of specimen 500 
to illustrate the cooespondence between those signals and 
die physical characteristics and surface features of mask 500 
as beam 100 scans across the surface of specimen 500. Jht 
two signals illustrated are typical of the signab generated by 
secondary electron detector 117 and backscatter electron 
detector 160 of FIG. 5, as electron beam 100 scans the 
surface of spedn^n 500. 

Examining secondary electron waveform 545, sevml 
features of the wavefonn ccsrespood to the physical char- 
acteristics of mask 500. In this illttstration there are four 
resulting secondary signal levels: a first signal level that 
cooespoods with those portions of mask 500 that are flat and 
do not have a chromium structure (544); a second * \^\ 
level that has a greater magmbide than the first signal level 
aiKl that corresponds with those portions of mask 500 that 
have a chromiom structure on substrate 504 (506, 508 and 
512); a tfaiid signal level that has a lower magnitude than the 
first signal level and that oocresponds with the widest well 
502; and a fourth signal level that has a signal level that has 
a lower magnitude than the third signal level and that 
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cocrespoodi to tuaiow well 514 ((he <kfect in this zxxnjpkt). 
Other physical vtxiAdoiu in muk 5<M which tre not iUii>- 
tzated here coM prodoce other signal level vuiatioiu. eg. 
vahoQt thickaesi of the chrcxniumpids. diffiereDt widths or 
depths of weils, qaampo«ts CO the top surface or czteoding 
u|>ward within the opea space of a well, etc Other feamres 
of secondary electroD wavef onn 545 that are of interest are 
the sharp signal peaks 559 and 552 at points within the 
waveform that cocrespood to transitioQ points in the surface 
height of mask 500. The iix>st (kamatic of these oocor at the 
edges of weDs 502 and 514. The larger peaks in the 
secondary electron waveform result from the productioa of 
additional secondary elecuoas that are axiitatd firam the 
ventcai walls of etched wells 502 and 514. Similazly, the 
smaller signal peaks 552 result from the prodoctioo of 
secondary electrons from the vertical side walls of the 
patterned chromitim pads 5H. 508 and 510. 

A sizxular Guminadon of backscatter electron waveform 
546 also reveals four backscatter signal leyeis: a first signal 
level that ccnespoods with those portions ot mask 500 that 
are flat and do not have a chromium structure (544); a 
second signal level that is higher than the first signal level 
and that ooffcsponds with those portions of mask 500 thtf 
have a chromium structure on substrate 504 (506, 50S and 
510); a third signal level that is lower than the first signal 
level and that ccnrespoods with the widest well 502; and a 
fowth signal level that is Iowa than the third signal level 
and that ccxresponds to narrow well 514 (the defect in this 
example) with the signal level variations generally being 
greater in the backscatter wavefonn. Further* as widi the 
secondary electron wavef ooxl other physical vanatioos in 
mask 500 will produce other signal level variations, e.g. 
various thickness of the chromium pads, dififerent widths or 
depths of wells, quartz posts on the surface andln weUa, etc 
AdditionaUy, the backscatter electron wavef oon expede&ces 
signal peaking only at the points thatcoaespond to the mask 
surface transition points to wells. Those transition points to 
wells cocrespond to the edges cf wells 502 and 514 produc- 
ing a peak that is noich smaller than the peaks in the 
secondary electron waveform that correspond to the same 
points on mask 500. Additionally, there are no nocioeahlfi 
peaks at the transitions between the chromium pads (506, 
50S and 510) and the plain quartz surface (544). 

By comparing each of the secondary and badcscaHEr 
wavef oaxts, the location, size and shape <^ any wells caa be 
positively identified. Since the number of backscatter elec- 
trons esc^ing a well is a function of the depth and width of 
the well, a measure of the dq>th and width of a well caa be 
detetmined from backscatter electron waveform 546. In 
order to do so accurately, a calibration can be made of the 
backscatter electron waveform against well dep& fay usixtg 
a sample of the substrate of interest with known trench 
depths and widihs. Ahemately, the same result could be 
derived by calculating the number of backscatter dectnais 
that can escape from a wcQ of a given depth and width by 
assuming that the electron emission is laiDbertia&. 

Similarly, since secondary electron waveform 545 
iodudes dramatic signal peaks at all points that cocre^ood 
widi surface transitional edges and backscatter electron 
waveform 546 only experiences peaking at points that 
•:>^rc$poad to the edges of wells, the backscartirr election 
waveform can first be examined to identify those points 
wtxre the signal experieoces peaking and thus identify 
which of the peaks in secood^nry electron wavefiocm 545 
ooorespood to edges of a well, and then those peaks of 
secondary electron wavefocm 545 can be used to posstxvely 
locate the edges of a well of ttiask 500. 
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Faaha^ noce the vtditioa in dgul Levels in secoodvy 
dectHM wavcf onn 545 becweea ifee fint signjJ level thit 
0Qat^>0Dds to ibe nominal flit itgion 544 of znasJc SM and 
the third signal level that ocncspoods to well 592 with the 
first signal level being greater than the third signal level 
even though the maimal of xnaak 5#0 is the same u both 
locatioos . The difficrcDce therefore, is obviously the renlt of 
a smaller percentage oi secoodaiy electrons being sbb to 
escape from the well than are generated from the flat surface. 
The secondary election signal emission from the weii can 
thus also be calibrated, to provide a measure of well depth, 
and this infoonatioo used, together with the backsc^xa 
dectrtKi waveform signal level in those regions of mask SM, 
in a weighted average to detmnine the depth of wells 
present in a mask 5##. 

As noted above, flat sorfuss of chromium strucoires on 
mask 50f have higher backscatta and secotKlary eiectxoD 
signal levels than those emitted by similar quartz regions. 
This results from cfaromiam having a higher atomic weight 
than quartz, thus, the chromium surfaces generate more 
backscatta electrons at the surface^ which in turn, generates 
mere SE H electrons than are produced at similtr quartz 
surfaces. 

Additionally, both the secondary and backscattcr electron 
waveforms 545 and 546 each exhibit, in the regions ctf the 
etched wells, an npperwardty curved bow shape in that 
poction of the waveform (e.g. 548). That charactetistic of 
these waveforms can also be utilized to distinguish etched 
wells from flat surface areas of the substrate, such as surface 
544. 

Thus, to detect defects, it is only necessary to peifocm a 
region by region eitaminatioQ and comparison of the por- 
tions of each of &e secondary and backscatter eleoron 
waveforms, based on the physical diaractci-:^cs expected in 
the substrate of interest, which is then con^ared witti similar 
results obtained from a coirespooding region of the same, or 
another, mask SH of the san^e design. Altenutively, the 
region by region results obtained from the secondary and 
backscatter waveforms from an actual nask, as described 
above, could be compared with resuhs derived frxHn mask 
data in a dau base (e.g. CADS) from which the mask of 
interest was fabricated. This process can most easily be 
facilitate by flrst digitizing the secondary and backscuter 
electron waveforms 545 and 546, respectfully, and then 
pcxfoaning the various functions digitally <tw\n«r to the 
process that was described earlier. 

Further, ate the inspection process is completed, if 
conductive layer 512 is not transparent to the wavelength of 
light, or other signal, to be utilized when mask 5#0 is in the 
intended ^)plication (e.g. printing of the wafer), layer $12 
must be removed, lb do so, for exan^e, a copper or 
aluminum layer nuy be removed from quartz with a KOH 
solution of approadmatdy 034 normal; gold can be removed 
with KMy diluted at 300:1 with water; and polymen can be 
dissolved with typical crgamc solvents which do not attack 
the qoaztz substrate material ■ 

To obtain the best signal to noise ratio in the secondary 
and backscatter electron wavefonns from the mask of 
interest, the energy level of electron beam IM can be varied 
until acceptable reiolti are obtiined. As was observed 
above, the depth of teardrop scatter envelope 524 (see FIG. 
14) in chromium layer 51ft appraxinuies the thtckaess of 
that chrcnnxum layer 51ft. Also, from a comparison of the 
signal levels of the secondary and backscatta electron 
way ef arms (see FIG. 15) from a chromium layer versus the 
quartz substrate alone, it can be seen that the actual variation 
in signal levels within the harfcyartrr electron wavefoon is 
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mocb greater ttun tbe varutioD io aigEuU levels in the 
seooodaxy dectron waveform U nuy aL» be (irstrafate to 
decenniDe the best eaergy level to ase for the eleoron beam 
dudng The udtial set op of the inyrrtioo parameters aisoe ia 
naay iflstaBceatheexartrfaararrfTiirwcrfphaaes 
59t may not be kaown a priocL Similarly, differeat ener^ 
levels for the dectrcm beam may fadHtate the maximizatioo 
of the accuracy of depth measuremc&ts of wells as compared 
to detenninatioo of the exact locatioa and extent of die 
patten^ chromium fidds on the substrate. 

To improve die effidency of capturing the b&ckscafler 
dectroos, one may employ a variety of detectors, such as 
scnncooductcr detectors, sdntillatar-photonmltiplier oom- 
binatioDs and miaocfaannd plates where the axis of the 
annulus of die path of detector coinddea with the path of the 
primary beam. 'Riese types of detectcr are discussed in 
pages 181-182 and 189-190 of a book by Ludwig Rdmer 
^'Scanning Electron Microscopy", S{»inger-Verlag, Berlin* 
Hdddbcrg. New Yoric Tokyo, 1985. 

FIG. 16 is a simplified objective lens portion cd the 
eiectrao beam column of FIG. 4 to illoscrate one placement 
of an annular backscatter detector 56# within the cdumn to 
capore the badfyattfT electrons of interest firom mask 50# 
for the present invention. As discussed above in relation to 
FIG. 4. here in FIG. It are lower pole piece 1#6 and 
intermediate dectrode 107 with the harfcyatTrr dectroos 
recdvcd by annular backscaaer deteaor 560 passing 
through the central annular openings in lower pole piece 106 
and dectrode 107. 

FIGS. 17 and 1$ each iBustrate other construction feanires 
that are also found on some phase shift masks. At the tc^ of 
FIG. 17, a cross-aeccion of mask 500^ is shown having a 
quartz substrate 504* and a pair of chromium pads 562 
overhanging a well 507 firom opposite sides, or chromium 
pads 562 can be said to be under-cut by well 502*. 
Additionally, given mask 504* the expected secondary and 
backscatter dectroo wavefonns 545* and 546*, respectfully, 
are shown bdow and aligned with the cross-sectioned mask 
to illustrate the oooespoodence between the various portions 
of the waveforms and the features of the mask. 

As expected, the shape of the harkK^ftrr and secondary 
electron waveforms for eicfa of the sorfaoes and the main 
part of well 502* are as shown deviously in FIG. 15. The 
difference here is the negative going pulse 566 and 568 in 
the secondary and backscatter electron waveforms 545* and 
54^, re^ectfuUy, in the region of the under-cuts. This small 
negative pulse at that point in each of the waveforms results 
£rom a poctioa of the electroa beam (not shosvn) penetrating 
chromium pads 562 and witwSng well 502* and a lesser 
number of both barkscaner and secondary electrons being 
produced as compared to the combination of the cfanxnium 
pad on the quartz substrtte. Thus, using the coispazison 
tedmiqoe discussed above, this additi^ial wavef ocm feature 
can be used to further identify and distinguish masks that 
have under-cut chrome pads extending over a welL 

Similarly, as the top of FIG. 18, a cxoss-section of mask 
500* is shows having a quartz substrate 504' and on the top 
surface there are a pair of quartz pads 570 to provide 
additional phase shifting mateiiaL As before, the expected 
srcoedaiy umI backscitter deciroa wxvefocms 545* and 
546*. respectfully, fix mask 500* are shown t>elow and 
aligned with the cross-sectioned mask to illnstrate the cor- 
reqxMdeoce between the vazioQs portions of the wavdocma 
and the features of the mask. 

The shi^ of the backsraircr and secondary electron 
wavefooDS 545* and 546*, respectfully, for each of the 
sizifaces in this configuratioo of mask 500' show several 
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intciestuig dittiiigaishisg pulse ihapa. Overalls u xaigbt be 
eipe ctgd > tbm <re znore hytocitter and secoodfly cko- 
trons produced ib the region of qumz ptds 570 ihaD in the 
other regions which tre reprcseated by varhct 544, This 
bftsic feature is the result of the tdditioaal Chidmess of the 
quarB in those iegioo& Another featnre thst is shown in each 
of the secondary and backscatter clectroo wavefonm, is that 
the signal level for those regions cooesponding to stvfaoes 
544 slowly deaease as the region of each of quartz pads 570 
is approached from either direction. Similarly, the inverse 
effect is noted for the region of secondary electroo wavefona 
545* that corresponds Co the top of quartz pads 570, namdy, 
the secoodary electron waveform is greatest at those points 
that correspond to the outer edges of quartz pad 570 and 
slowly decrease toward the center of diose regions in eittier 
direction. Badcscatter elecirco wavef<xm 546' in the tegioos 
thit oosrespoad to quartz pads 570 develops small peak 
values at the points that correspond to the comas of quartz 
pads 570 and is relatively flat between those small peaks. 
Additionally, secondary electron waveform 545" has no 
large nazrow pulses, as was the case when a well or a 
chromium pad was encountered (see FIG. 15). Thus, the 
comparison technique previously disclosed with respect to 
FIG. 15. can also distinguish phase shift material from 
chromium pads and wells, whether or not they are under-cut, 
and thus is aUe to detect the presence or absence of wanted 
or unwanted phase shift material and the size and location of 
that matcriai from the resultant shapes in various regions of 
die secondary and backscatter electron wavefcxms. 

As discussed pteviously, the detection of a defect merely 
requires the comparison of the signals, or wavefocms, from 
a mask being inspected with the signals from a supposedly 
identical san^le or the calculated signal values from a data 
base. This conp«risc»i can have different tolennce levels, 
depending on whether the portion of the waveforms 
obtained at that instant in time is from a chrome layer, from 
quartz, or other material or from a well. Thus, for ctamjHe, 
the waveforms depicted in FIG. 15 can be inteipreted to 
identify the structure of the noask and the characteristics of 
the surface, by considering various factors of dK>se wave- 
fonns. Those factors of the waveforms to be considered to 
make the desired distinctions include the height of the spikes 
550 and 552, and curvatures such as 548 that correspond to, 
and make it possible to identify, trenches 502 and 514. 

That waveform analysis for identifying the different fea- 
aires <3f a phase shift mask is similar to the automatic 
analysis of used with electrocardiograms, which has been an 
area of considerable research in the past (See G. C Stock- 
man: ''A Problem-Reductioa Approach to Linguistic Analy- 
sis of Waveframs", Ri J>. Dissertadon, Univ. of Maryland, 
Department of Conq>uter Science, May 1977). This type of 
pattern recognition appears in the iiceratuie of syntactic 
pattern recogmtion with the parsing of a sample by features, 
such as peaks and valleys. 

Thus, when tpp]ieA to phase shift masks, the bottom of 
the wells, or trenches, are distinguishable by a oombinatioo 
of waveform featues, including the upward ctnyature of the 
secondary and backscatter electron wavefoons at one of the 
lower signal leveb and signal spikes in the secondary 
electron waveform on both sides of the trench. The detection 
of that signal curvature cocrespooding to the bottom of 
wells, or for any other feature such as quartz on quartz (see 
FIG. 18) can be perfcxmed by the method presented In 
Qiapter 10, *1Wo-Dimensional Shape Representatioa*' by 
Larry S. Davis, pp 233-245 of Handbook of Pattern Rtc- 
ognision and linage Processing, Academic IVesi, Inc., San 
Diego. C:alif., 1986. 
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AiUfidoaaUy, ucb of the sigul prooessisg mobodji dis- 
cussed la eacfa of tbe list two rcf eruoes cited, in»y be used 
to utign diilettct detcctioo toleztocu in the «« yriF^« 
degcnduig oo (be f eaimts of ibe oui&Il u weii as being 
asabie iA ooxnbiafltiofl with the dgenad d other <ii«>i*tgi ritfa- 
ing feagges to nute i podtive drtrnninitioo of the stnictuie 
of a muk. 

While this inve&tioii has been desaibed in tevenl modes 
of opeiacioa ud with exemplary routines and apparatus, it 
is ooQtempLaied that persons slalled in the art opon reading 
the preceding descnptioos and smdying tbe drawings, will 
realize various alternative approaches to the ifflplemeatation 
of tbe present inventioa It is thertfore intended that the 
following appended claims be interpreted as including all 
such altentioos and mndifi cations that fall within die true 
spirit and scope to tbe present invention and the ^ipended 
cUims. 

Id summary, the present invention relies on maidng the 
top surface of the mask to be inspected electrically 
conductive, and oo the analysis of the secondary and back- 
scatter electroQ wavdorms oeaced by the topo!k)gy and 
differences in atomic weight of the various sttuctures cf the 
mask. 

One may adueve electrical conduction along tbe top 
surface of the mask in ways other than coating the 
finished mask as illustrated and discussed above with rela- 
tion to the various figures. Another technique would be to 
place a conductive, transparent coatings such u Indium tin 
oxide 00 the top surface of the quartz substrate before the 
pattemed chromium layer is deposited on the substrate. U 
that technique is used, the cosiductive transparent coating 
between the patterned chromium layer pads would not have 
to be removed prior to use of the phase shift mask for the 
intended purpose since the conductive layer is transparent 
AltetnAtdy, the quartz substrate oould be made conductive 
by ion implantation. An advantage of permaneotty making 
the quartz substrate conductive is that it fadUtates ion beam 
repair of the mask and precludes damage due to static 
electrical discharge in normal use. 

Panther, the inspection technique d the present invention 
is not limited to use with phase ihift masks that perform a 
phase shift that is detcnnined by the etched pattern of the 
quxtz substrate. A phase shift mask was used in the above 
disoisiions of tbe present invention for coovenieDce since it 
permitted discussion various mask patterns, illostrated the 
vcnatitity of techniques that one would use for inspection of 
various mask ooofignrations and the completeness of (he 
inspection based only on the secondary and ^^^^'H^^n* 
electron wavefctmu creaiod in an electron beam inflection 
environment 

The techniques of the preaent inventioD provide for the 
inspection of many different types of optical masks. For 
example, any supcrimpoted material, sndb as spin-oo glass 
can also be distinguished from the substrate or the cfaixxnium 
and wHi produce secoDdary and backscatter electron wave- 
forms that make it possible to deteosine the duress of the 
spin-on gUss layer. Further, attenuating phase shift masks, 
such as those that include leaky chromium, or odia attenu- 
ating material, can also be injected with the techniques of 
the present invention as discussed above. Similarly, it is easy 
to see that the present inventiott also provides a method for 
inspecting optical proximity masks. 

What is daimed is: 

1. A system to automarically inspea an optical mask, said 
^V^ system comprising: ^ 
(/Mk film coating syston to apply a conductive coating to a top 
suzface of said optical mask to produce t conductive 
optical mask; ^ 
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« groQDding itnp to ooeaect uid ooodactive cottiiig <tf 
Slid ooQductm optical mask to electncal groand; 

a field emisaoo dectm louroe to provide an electros 
beam; 

a charged partide beam column to deliver aod scan said 
electroD beam from md field emissioa ekccroQ soorce 
on a top surface of said oooductive coating; 

a back5cattcr dectroo detector to detect badcscattered 
electrons from said coadoctive optical mask to geooate 
a bncfcscarter electron waveform as said electron beam 
scans said conckictive opdcal mask; 

a secondary electron detectcr to detect secondary elec- 
trons fiiom said conductive optical mask to generate a 
secondary dectroa wavefonn as said electron beam 
scans said coa<tactive coating; and 

a processor to examine said backscatter electron wave- 
focm and said secondary electron wavefom to dcte. • 
mine construction feadrcs of said conductive optical 
mask: 

2. A system to amomaticaUy inspect an optical mask as in 
daim 1 wherein said opdcal mask is a phase shift ro&sk. 

3. A system to automatically inspect an optical mask as in 
claim 1 wherein said film coating system is a sputtaing 
system. 

4. A system to automarically inspect an opdcal mask as in 
daim 1 further conipdsing a memcny connected to each ol 
said backscatter xtron detector and said secondary elec- 
tron detector to store said backscatter electron waveform and 
said secondary dectroa wavefonn from said conductive 
opdcal mask. 
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5. A method for tutocmicilly inyutfng tn opcicil nuat. 
Slid meshod compriang tbe supt of: 

t. Apptying a ooodnctive coati&g to & tq> surface of sad 
optical x&iik to prodnoe a coodoctive optical maak; 

b. ekctdailly grooiidiAg said conductive coating; 

c an ekctroo beam oo a top surface cf said 

coodocttve coating of step b.; 

d. '^^^ng backscattBTBd electroos from said coadnctive 
coating of step c to form a bactescaltex eicctron wave- 
form: 

e. detecting secondary electrons from said conductive 
coating of step c to fonn a secondary eledpoo wave- 
form; 

t <^*mimfi(g said badcscancr elearon wavefocm and said 
seooodary electron vavef onn from stq>s d. and e.; and 

g. detenmning construction features of said conductive 
optical muk in re^nse to step f . 

6. A method for automatically inspecting an optical maak 
asindaimS wbemn said optical nkaik is a phase shift mask. 

7. A mdhod for automatically inspecting an optical mask 
as in claim 5 wherein step a further includes the step ci: 

h. sputtering said coating omo said optical mask. 

8. A method for autcnnaticaUy inspecting an optical mask 
as in daim 5 further induding the step ci: 

I storing caKh of said backscattcr electron wavcfonn from 
step d. and said secoodary electroo wavefmm from step 

c. 
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